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(57) ABSTRACT

A wireless synchronous system includes an apparatus and a
sensor device. The apparatus has a radio communication unit
for performing synchronous communication with an exter-
nal apparatus. The apparatus generates a radio synchroniz-
ing signal having a predetermined cycle synchronized with
the synchronous communication and determines a timing of
controlling the apparatus based on the radio synchronizing
signal. The sensor device has a radio communication unit for
performing synchronous communication with the external
apparatus. The sensor generates a radio synchronizing signal
having a predetermined cycle being synchronized with the
synchronous communication, obtains detection-data repre-
senting a state of the sensor device, and determines a timing
of obtaining the detection-data in accordance with the radio
synchronizing signal.

11 Claims, 17 Drawing Sheets
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WIRELESS SYNCHRONOUS SYSTEM,
RADIO APPARATUSES, SENSOR DEVICES,
WIRELESS SYNCHRONIZING METHOD,
AND COMPUTER-READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2012-147066, filed Jun. 29, 2012, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relate to a wireless synchronous
system, radio apparatuses, sensor devices, a wireless syn-
chronizing method, and a non-transitory computer-readable
recording medium.

2. Description of the Related Art

Conventional techniques are known, which use plural
high-speed cameras synchronized with each other for con-
tinuously shooting fast-moving phenomena such as blasts,
crashes, combustions, shocks, discharge, and the like. And
also techniques are known, which use a video camera to
record images of an athlete for purpose of sport training (for
instance, golf), and use sensor devices attached onto the
athlete to detect and record data.

A technique is disclosed in Japanese Unexamined Patent
Publication No. 2009-296323, in which one master camera
is connected to plural slave cameras, and a video synchro-
nizing signal for a high-speed camera is transferred from the
master camera to the plural slave cameras, whereby plural
high-speed cameras are brought into synchronization for
shooting one object.

In the above disclosed technique, the master camera is
provided with a timing controlling unit for establishing an
accurate synchronization among the master camera and the
plural slave cameras. The timing controlling unit uses a
pulse signal to measure an actual delay along a transmitting
path and corrects such delay based on the result of the
measurement. The technique is used for continuously shoot-
ing fast-moving phenomena such as blasts, crashes, com-
bustions, shocks, discharge, and the like, and belongs to a
class of high-speed cameras for very specific business use,
which are capable of shooting at an extremely high rate of
a million frames per second.

Japanese Unexamined Patent Publication No. Hei07-
289676 discloses another technique, which uses a video
camera(s) to record an image of the athlete and a sensor
device (s) attached on the athlete to detect and record sensor
data for purpose of analysis of golf playing motion.

The technique disclosed in the latter publication consists
of a video camera(s) and a sensor device(s). The video
camera has its own real time clock, and records a video
image as well as a time code based on a real time counted
by its own real time clock. Also, the sensor device has its
own real time clock, and measures and records sensor data
(grip strength) as well as time information based on a real
time counted by its own real time clock. Then, both the
information of the video camera and the information of the
sensor device are compared, and the sensor data is dis-
played, which corresponds to the time coincident to the time
code of the video image. As another example, the sensor
device transfers a measured sensor signal by means of
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analog radio communication to an audio input of the video
camera for shooting a video image and the video camera
records the received sensor data together with the video
image.

But the technique disclosed in Japanese Unexamined
Patent Publication No. 2009-296323 requires users to pre-
pare accurate and troublesome settings before performing
the shooting operation, such as calculating a delay time for
correction by using a pulse signal. Therefore, the technique
has a disadvantage that is hard for the consumer users to use.

The method of measuring a delay, using the pulse signal
has another disadvantage that an accurate measurement
cannot be made because of uncertain delays caused due to
sampling and/or packet operations in digital radio transmis-
sion, when said method is used to measure a delay along a
radio transmission path.

An accurate delay along an analog transmission path can
be measured, but communication only between one master
apparatus and one slave apparatus can be made along the
analog transmission path. Therefore, the master equipment
is required to equip with the same number of radio units as
number of slave apparatuses, which increases the system in
scale and costs, consuming much energy.

In the technique disclosed by Japanese Unexamined Pat-
ent Publication No. Hei07-289676, differences between the
clocks of the respective apparatuses are large. The technique
cannot be used for synchronous shooting by plural high-
speed cameras. The technique has a problem that sensor
information cannot be obtained in synchronization with the
images shot by the high-speed cameras. In the case where
the analog radio transmission is used, only one sort of sensor
data can be recorded, and therefore, the technique cannot be
used for recording, for instance, three-dimensional data, X,
Y, Z.

SUMMARY OF THE INVENTION

The present invention provides a wireless synchronous
system, radio apparatuses, sensor devices, a wireless syn-
chronizing method, and a non-transitory computer-readable
recording medium for consumer use, which allow users to
operate easily and make it possible with a high degree of
accuracy that synchronization of operations of plural appa-
ratuses is controlled and data is obtained by plural sensor
devices in synchronization with the operations of the plural
apparatuses.

According to one aspect of the present invention, there is
provided a wireless synchronous system including plural
apparatuses and plural sensor devices, in which the plural
apparatuses each comprise a first communicating unit for
performing synchronous communication with the other
apparatus, a first radio synchronizing-signal generating unit
for generating a first radio synchronizing signal having a
predetermined cycle, the predetermined cycle being syn-
chronized with a timing of the synchronous communication
performed by the first communicating unit, a synchronizing-
signal generating unit for generating a synchronizing signal
having a predetermined cycle, the predetermined cycle
being synchronized with the first radio synchronizing signal
generated by the first radio synchronizing-signal generating
unit, and a controlling unit for determining a controlling
timing of controlling the apparatus in accordance with the
synchronizing signal generated by the synchronizing-signal
generating unit, and the plural sensor devices each comprise
a second communicating unit for performing synchronous
communication with at least one of the plural apparatuses, a
second radio synchronizing-signal generating unit for gen-
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erating a second radio synchronizing signal having a pre-
determined cycle, the predetermined cycle being synchro-
nized with a timing of the synchronous communication
performed by the second communicating unit, a sensor unit
for obtaining detection-data representing a state of the
sensor device, and a detection-data obtaining controlling
unit for determining a timing, at which the sensor unit
obtains the detection-data, in accordance with the second
radio synchronizing signal generated by the second radio
synchronizing-signal generating unit.

According to other aspect of the invention, there is
provided a wireless apparatus, which comprises a commu-
nicating unit for performing synchronous communication
with other apparatus, a radio synchronizing-signal generat-
ing unit for generating a radio synchronizing signal having
a predetermined cycle, the predetermined cycle being syn-
chronized with a timing of the synchronous communication
performed by the communicating unit, a synchronizing-
signal generating unit for generating a synchronizing signal
having a predetermined cycle, the predetermined cycle
being synchronized with the radio synchronizing signal
generated by the radio synchronizing-signal generating unit,
and a controlling unit for determining a controlling timing of
controlling the wireless apparatus in accordance with the
synchronizing signal generated by the synchronizing-signal
generating unit.

According to other aspect of the invention, there is
provided a sensor device, which comprises a communicating
unit for performing synchronous communication with other
wireless apparatus, a radio synchronizing-signal generating
unit for generating a radio synchronizing signal having a
predetermined cycle, the predetermined cycle being syn-
chronized with a timing of the synchronous communication
by the communicating unit, a sensor unit for obtaining
detection-data representing a state of the sensor device, and
a detection-data obtaining controlling unit for determining a
timing, at which the sensor unit obtains the detection-data,
in accordance with the radio synchronizing signal generated
by the radio synchronizing-signal generating unit.

According to still other aspect of the invention, there is
provided a method of implementing wireless synchroniza-
tion among plural apparatuses and plural sensor devices,
including a first synchronizing method in each of the plural
apparatuses and a second synchronizing method in each of
the plural sensor devices, wherein

the first synchronizing method in the apparatus comprises
a first communicating step of performing synchronous com-
munication with the other apparatus, a first radio synchro-
nizing-signal generating step of generating a first radio
synchronizing signal having a predetermined cycle, the
predetermined cycle being synchronized with a timing of the
synchronous communication at the first communicating
step, a synchronizing-signal generating step of generating a
synchronizing signal having a predetermined cycle, the
predetermined cycle being synchronized with the first radio
synchronizing signal generated at the first radio synchroniz-
ing-signal generating step, and a controlling step of deter-
mining a controlling timing of controlling the apparatus in
accordance with the synchronizing signal generated at the
synchronizing-signal generating step, and the second syn-
chronizing method in the sensor device comprises a second
communicating step of performing synchronous communi-
cation with at least one of the plural apparatuses, a second
radio synchronizing-signal generating step of generating a
second radio synchronizing signal having a predetermined
cycle, the predetermined cycle being synchronized with a
timing of the synchronous communication at the second
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communicating step, a sensor step of obtaining detection-
data representing a state of the sensor device, and a detec-
tion-data obtaining controlling step of determining a timing,
at which the sensor unit obtains the detection-data, in
accordance with the second radio synchronizing signal gen-
erated at the second radio synchronizing-signal generating
step.

According to yet another aspect of the invention, there is
provided a non-transitory computer-readable recording
medium storing a computer program, the computer program,
when installed on a computer provided on an apparatus,
making the computer function as a communicating unit for
performing synchronous communication with other wireless
apparatus, a radio synchronizing-signal generating unit for
generating a radio synchronizing signal having a predeter-
mined cycle, the predetermined cycle being synchronized
with a timing of the synchronous communication performed
by the communicating unit, a synchronizing-signal generat-
ing unit for generating a synchronizing signal having a
predetermined cycle, the predetermined cycle being syn-
chronized with the radio synchronizing signal generated by
the radio synchronizing-signal generating unit, and a con-
trolling unit for determining a controlling timing of control-
ling the apparatus in accordance with the synchronizing
signal generated by the synchronizing-signal generating
unit.

According to still another aspect of the invention, there is
provided a non-transitory computer-readable recording
medium storing a computer program, the computer program,
when installed on a computer provided on a sensor device,
making the computer function as a communicating unit for
performing synchronous communication with other wireless
apparatus, a radio synchronizing-signal generating unit for
generating a radio synchronizing signal having a predeter-
mined cycle, the predetermined cycle being synchronized
with a timing of the synchronous communication performed
by the communicating unit, a sensor unit for obtaining
detection-data representing a state of the sensor device, and
a detection-data obtaining controlling unit for determining a
timing, at which the sensor unit obtains the detection-data,
in accordance with the radio synchronizing signal generated
by the radio synchronizing-signal generating unit.

The wireless synchronous system, radio apparatuses, sen-
sor devices, wireless synchronizing method, and the com-
puter-readable recording medium provided by the present
invention allow the users to synchronize the operations of
plural apparatuses and obtain data using the plural sensor
devices in a simple manner with a high degree of accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view for explaining a radio synchronization
system according to the embodiment of the present inven-
tion.

FIG. 2 is a block diagram of a configuration of a high-
speed camera according to the present embodiment of the
invention.

FIG. 3 is a block diagram of a configuration of a sensor
device according to the present embodiment of the inven-
tion.

FIG. 4 is a block diagram of a configuration of a radio
communication unit used in the high-speed camera and
sensor device according to the present embodiment of the
invention.

FIG. 5a is a block diagram of a configuration of a sensor
unit used in the sensor device according to the embodiment
of the invention.
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FIG. 54 is a conceptual diagram for explaining relation-
ships between sensor data and operating directions of the
sensor device.

FIG. 6 is a block diagram of a schematic configuration of
the radio synchronization system according to the present
embodiment of the invention.

FIG. 7 is a conceptual diagram for explaining a synchro-
nous operation (synchronous shooting operation) between
the plural high-speed cameras according to the present
embodiment of the invention.

FIG. 8 is a conceptual diagram for explaining the syn-
chronous operation (synchronous sensor-data collection)
between the plural sensor devices according to the present
embodiment of the invention.

FIG. 9 is a conceptual diagram for explaining the syn-
chronous operation (synchronous sensor-data collection)
between the high-speed camera and the sensor devices
according to the present embodiment of the invention.

FIG. 10 is a conceptual diagram for explaining the syn-
chronous operation (synchronous recording operation of
pickup image and sensor data) between the high-speed
cameras and the sensor devices according to the present
embodiment of the invention.

FIG. 11 is a conceptual diagram for explaining the syn-
chronous operation (synchronous playing-back operation)
between the high-speed cameras according to the present
embodiment of the invention.

FIG. 12 is a conceptual diagram for explaining the syn-
chronous operation (synchronous playing-back operation of
moving image and sensor data) between the high-speed
cameras and the sensor devices according to the present
embodiment of the invention.

FIGS. 13a and 134 are conceptual diagrams for explain-
ing data sending/receiving operation between the radio
communication unit of the high-speed camera and the radio
communication unit of the other high-speed camera accord-
ing to the present embodiment of the invention.

FIG. 14 is a timing chart of data sending/receiving opera-
tion (continuous communication) performed between the
radio communication unit of the master apparatus or the
high-speed camera and the radio communication unit of the
slave apparatus or the other high-speed camera according to
the present embodiment of the invention.

FIG. 15 is a timing chart of data sending/receiving opera-
tion (intermittent operation) performed between the radio
communication unit of the master apparatus or the high-
speed camera and the radio communication unit of the slave
apparatus or the other high-speed camera according to the
present embodiment of the invention.

FIG. 16 is a conceptual diagram for explaining the data
sending/receiving operation performed between the radio
communication units in the case of one master apparatus
(high-speed camera) vs. “n” units of slave apparatuses
(high-speed cameras).

FIG. 17 is a timing chart of the data sending/receiving
operation performed between the radio communication units
in the case of one master apparatus (high-speed camera) vs.

[Tt}

n” units of slave apparatuses (high-speed cameras).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, the embodiments of the present invention will be
described with reference to the accompanying drawings in
detail.
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[Configuration of Radio Synchronization System]

FIG. 1 is a view for explaining a radio synchronization
system according to the embodiment of the present inven-
tion. As shown in FIG. 1, the radio synchronization system
100 comprises plural high-speed cameras 101a, 1015, 101c,
and plural sensor devices 103a, 1035. In the radio synchro-
nization system 100, the plural high-speed cameras 101a,
1015, 101c are wirelessly synchronized with each other for
shooting an object 102 at high speed and/or the plural sensor
devices 103a, 1035 are attached on the object 102 and
wirelessly synchronized with each other for obtaining data
(directions of movement and accelerations). Further, the
plural high-speed cameras 101a, 1015, 101c¢, and the plural
sensor devices 103a, 1035 are also wirelessly synchronized
for shooting the object 102 at high speed as well as obtaining
sensor data in synchronization with the shooting operation.

The radio synchronization system 100 is effectively and
widely used by many athletes, including golfers, baseball
players, and other sport players. The plural high-speed
cameras 101a, 1015, 101c¢ are used to take pictures of the
object (player) 102 to obtain images taken from plural
camera angles. Further, the plural sensor devices 103a, 1035
are used to obtain sensor data taken from the player 102 and
sensor data taken from equipment (game, gear and so on)
used by the player 102. These images (pickup images) and
sensor data are correlated with each other and recorded. The
recorded images and sensor data are used for analyzing the
player’s motion such as a swinging form or motion and
ball-striking form. Hereinafter, sometimes the plural high-
speed cameras 101a, 1015, 101c¢ are collectively referred to
as the “high-speed cameras” 101, and the plural sensor
devices 103a, 1035 are also collectively referred to as the
“sensor devices” 103.

FIG. 2 is a block diagram showing a configuration of each
of the high-speed cameras 101 according to the present
embodiment of the invention. As shown in FIG. 2, the
high-speed cameras 101 each comprise an image pickup unit
201, an image processing unit 202, a displaying unit 203, a
memory 204, HOST-CPU 205, an operating unit 206, RTC
(Real Time Clock) 207, a radio communication unit 208, an
antenna 209, a video synchronizing signal generating unit
210, and a power unit 211.

The image pickup unit 201 is provided with an optical
lens unit (not shown) and an image sensor (not shown). The
optical lens unit consists of collecting lenses, including a
focus lens and a zoom lens for taking a picture. The focus
lens serves to form an optical image of an object on an
acceptance surface of the image sensor. The zoom lens
serves to change a focusing distance freely within a prede-
termined range.

The image sensor consists of a photoelectric conversion
element and AFE (Analog Front End). The photoelectric
conversion element consists of, for example, an element of
a CMOS (Complementary Metal Oxide Semiconductor)
type. The optical image of the object (player) 102 enters onto
the photoelectric conversion element through the optical
lens unit. The photoelectric conversion element performs
various signal processes on the optical image of the object
based on video synchronizing signals “VSYNC”,
“HSYNC”, “VTRG”, thereby outputting digital image data.
The signal processes include a photoelectric conversion
process (image-pickup process) and A/D (Analog/Digital)
conversion process.

The image processing unit 202 consists of DSP (Digital
Signal Processor) and VRAM (Video Random Access
Memory). The image processing unit 202 cooperates with
HOST-CPU 205 to perform various sorts of image process-
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ing on the image data. For example, the image processing
unit 202 performs the image processing, including a noise-
reduction process, a white-balancing process and a camera-
shake correcting process, on the image data sent from the
image pickup unit 201.

The displaying unit 203 has a liquid crystal displaying
device for displaying various images thereon. The memory
204 is a sort of storing device, consisting of a non-volatile
memory device, such as SD memory cards (Registered
Trademark). The memory 204 serves to store the image data
sent from the image processing unit 202. Further, the
memory 204 stores various sorts of data used in the pro-
cessing performed by the image processing unit 202. Fur-
thermore, the memory 204 stores the sensor data of the
sensor device 103 in synchronization with the image data.

HOST-CPU 205 runs a predetermined program to control
operations of the video synchronizing signal generating unit
210, the image pickup unit 201, the image processing unit
202, the displaying unit 203, and the memory 204, thereby
performing various processes. At this time, HOST-CPU 205
controls the operations of the respective units based on a
radio synchronizing signal “WSYNC” supplied from the
radio communication unit 208. The radio communication
unit 208 is wirelessly connected with the corresponding
radio communication units provided in the other (“n” units
of) high-speed cameras and synchronized with them by
means of the radio synchronous communication.

The radio synchronizing signal “WSYNC” is generated
among other high-speed cameras and sensor devices by
means of the radio synchronous communication. Therefore,
HOST-CPU 205 can make the high-speed camera 101a
shoot a moving image (or high-speed continuous shooting)
and/or play back the moving image in synchronization with
other high-speed cameras 1015, 101c¢. Similarly, HOST-
CPU 205 can make the sensor device 103a obtain sensor
data in synchronization with the other sensor device 1035.
The radio synchronizing signal “WSYNC” will be described
in detail later.

HOST-CPU 205 synchronizes a real time counted by RTC
207 with the radio synchronizing signal “WSYNC?”, thereby
sharing the synchronized real time with the other wirelessly
connected high-speed cameras 1015, 101¢ and sensor
devices 103. In other words, HOST-CPU 205 can record the
pickup image correlated with the synchronized real time,
which is shared with the other high-speed cameras 1015,
101c¢ and the sensor devices 103.

When playing back the moving image, HOST-CPU 205
can playback based on the radio synchronizing signal
“WSYNC” supplied from the radio communication unit
208, the moving image, which has been shot in synchroni-
zation with the other high-speed cameras 10154, 101¢ and/or
the sensor device 100. More specifically, an image to be
played back among the sensor data recorded in the memory
204 and the sensor data related in time can be displayed
simultaneously.

HOST-CPU 205 receives sensor data “DATA” from the
sensor device 103 through the radio communication unit
208, and correlates the sensor data “DATA” with the shot
moving image to record them in the memory 204.

The operating unit 206 comprises various buttons includ-
ing a shutter button. The operating unit 206 serves to receive
auser’s instruction. RTC 207 counts the real time. The radio
communication unit 208 performs the radio synchronous
communication (existing communication method) with the
other high-speed cameras 1015, 101c¢ and/or the sensor
devices 103 through the antenna 209, thereby exchanging
data with them. Particularly in the present embodiment, the

10

15

20

25

30

35

40

45

50

55

60

65

8

radio communication unit 208 outputs the radio synchroniz-
ing signal “WSYNC”, which is synchronized with the radio
synchronizing signals generated by the corresponding (or
“n” units of) radio communication units wirelessly con-
nected with said radio communication unit 208.

The video synchronizing signal generating unit 210 gen-
erates the video synchronizing signals “VSYNC”,
“HSYNC”, “VTRG”, which are synchronized with the radio
synchronizing signal “WSYNC”, and supplies the generated
synchronizing signals to the image pickup unit 201, the
image processing unit 202, and the displaying unit 203. The
image pickup unit 201 obtains a pickup image in accordance
with the video synchronizing signals “VSYNC”, “HSYNC”,
“VTRG”. Therefore, the image pickup unit 201 can obtain
the pickup image synchronized with those obtained by the
corresponding (or “n” units of) image pickup units, which
are wirelessly connected with said image pickup unit 201.
The power unit 211 consists of a secondary battery, and
supplies power to various units within the high-speed cam-
eras 101.

FIG. 3 is a block diagram of a configuration of the sensor
device 103 according to the present embodiment of the
invention. As shown in FIG. 3, the sensor device 103
comprises a sensor unit 301, HOST-CPU 302, RTC 303, a
memory 304, an operating unit 305, a power unit 306, a
radio communication unit 308, and an antenna 309.

The sensor unit 301 consists of, for example, a three axial
acceleration-sensor and a three axial gyro-sensor, which
output the sensor data “DATA” at predetermined time inter-
vals. HOST-CPU 302 receives the sensor data “DATA” from
the sensor unit 301 in synchronization with the radio syn-
chronizing signal “WSYNC” of the radio communication
unit 308, and stores the received sensor data “DATA” in the
memory 304. Similarly to those generated in the high-speed
cameras 101, the radio synchronizing signal “WSYNC” is
also produced based on the synchronous communication,
among the other high-speed cameras 101 and sensor devices
103 wirelessly connected through the radio synchronous
communication.

HOST-CPU 302 synchronizes the real time counted by
RTC 303 with the radio synchronizing signal “WSYNC”,
thereby sharing the synchronized real time with the other
high-speed cameras 101 and sensor devices 103 wirelessly
connected with the camera 101a. In other words, HOST-
CPU 302 can obtain and record the sensor data “DATA”
correlated with the real time, which is synchronized with the
other high-speed cameras 101 and sensor devices 103.

Further, HOST-CPU 302 sends the sensor data “DATA” to
the other high-speed cameras 101 and sensor devices 103 in
synchronization with the radio synchronizing signal
“WSYNC” of the radio communication unit 308 through the
radio communication unit 308.

RTC 303 counts the real time. The memory 304 is a sort
of storing device and consists of a Flash memory. The
memory 304 stores the sensor data “DATA” correlated with
the real time and also various sorts of data necessary in the
processes to be performed by the HOST-CPU 302. The
operating unit 305 comprises various buttons including a
power button. The operating unit 305 serves to receive the
user’s instruction. The power unit 306 consists of a second-
ary battery, and supplies power to various units within the
sensor device 103.

The radio communication unit 308 performs the radio
synchronous communication with the other high-speed cam-
eras 101 and/or the other sensor devices 103 through the
antenna 309, thereby exchanging data with them. Particu-
larly in the present embodiment, similarly to the radio
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communication unit 208 in the high-speed camera 101, the
radio communication unit 308 outputs the radio synchroniz-
ing signal “WSYNC”, which is synchronized with the radio
synchronizing signals generated by the corresponding (or
“n” units of) radio communication units wirelessly con-
nected with said radio communication unit 308.

FIG. 4 is a block diagram of a configuration of the radio
communication unit 208 according to the present embodi-
ment of the invention. The radio communication unit 308
has the same configuration as the radio communication unit
208 and therefore the configuration thereof will not be
described separately. As shown in FIG. 4, the radio com-
munication unit 208 comprises BB (Base Band) unit 401, RF
(Radio Frequency) unit 402, a radio time generating unit
403, PLL (Phase Locked Loop) circuit 404, RX timing
extracting unit 405, TCXO (Temperature Compensated
Crystal Oscillator) 406, and a controlling unit 407. The radio
communication units 208, 308 have a master mode and a
slave mode.

BB unit 401 performs a process on an un-modulated
base-band signal and a modulated base-band signal. RF unit
402 receives a radio frequency signal through the antenna
209 (309), and modulates or demodulates the received radio
frequency signal. Further, RF unit 402 supplies the received
radio frequency signal to BB unit 401 and RX timing
extracting unit 405. The radio time generating unit 403
operates in accordance with “PLL-CLK” supplied from PLL
circuit 404, and has a timer of more than several hours,
counting the radio time and outputting the counted radio
time “WTIME”.

For instance, when it is presumed that the timer of the
radio time generating unit 403 consists of a 24-bit counter
and the “PLL-CLK” is 1 millisecond, then one cycle of the
clock will be 4.66 hours. In this case, the radio time
“WTIME” output from the radio time generating unit 403
will be the 24-bit data having a value falling within a range
of (000000~FFFFFF) in the hexagonal expression. In the
synchronous communication of a frequency-hopping type,
when the master apparatus and the slave apparatus are linked
together, the radio time “WTIME” is sent from the master
apparatus to the slave apparatus. Then, the clock of the slave
apparatus is synchronized in phase by means of “PLL-
CLK?”, and the radio time “WTIME” is shared between the
master and slave apparatuses, whereby the frequency to be
hopped next is uniquely determined based on the radio time
“WTIME” both in the master and slave apparatuses. There-
fore, as far as the master and slave apparatuses share the
current time and are linked together based on the radio time
“WTIME”, a completely coincident time is maintained both
in the master and slave apparatuses.

In the master mode, PLL circuit 404 operates in accor-
dance with a high-precision clock signal supplied from
TCXO 406 to output the clock “PLL-CLK” synchronized
with TCXO 406. In the slave mode, PLL circuit 404 is
controlled its operation timing in accordance with a receipt-
timing signal “RXT” supplied from RX timing extracting
unit 405, and outputs the clock “PLL-CLK” synchronized
with the receipt-timing signal “RXT”. The clock “PLL-
CLK” contains allowable fine jitters (around 10 micro
seconds).

In the slave mode, RX timing extracting unit 405 receives
a signal from RF unit 402 and extracts the receipt-timing
signal “RXT” from the received signal to supply the same
signal “RXT” to PLL circuit 404. TCXO 406 supplies the
high-precision clock signal to PLL circuit 404.

The controlling unit 407 supplies BB unit 401 with the
data “DATA” to be sent thereto and receives the received
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data “DATA” from BB unit 401. The controlling unit 407
controls the operations of the BB unit 401, RF unit 402, and
the radio time generating unit 403. The controlling unit 407
generates the radio synchronizing signal “WSYC” based on
the clock “PLL-CLK” supplied from PLL circuit 404 and the
radio time “WTIME” supplied from the radio time gener-
ating unit 403. This radio synchronizing signal “WSYC” is
used to synchronize with the other apparatuses, which are
connected by the radio synchronous communication.

More particularly, the radio communication unit 208
(308) fixes the synchronization of the clock “PLL-CLK” as
well as the synchronization of the radio time “WTIME”
through the negotiation for establishing the synchronous
communication with the corresponding (or “n” unit of) radio
communication units. After the synchronous communication
has been established between the radio communication
units, the controlling unit 407 generates the radio synchro-
nizing signal “WSYC” of a predetermined cycle at a pre-
determined rising timing, based on the clock “PLL-CLK”
supplied from PLL circuit 404 and the radio time “WTIME”
supplied from the radio time generating unit 403.

In the master mode, both the radio frequency signal output
from RF unit 402 and the radio synchronizing signal
“WSYC” output from the controlling unit 407 are controlled
in their outputting timings by the clock “PLL-CLK”, which
is synchronized with the high-precision clock signal sup-
plied from the TCXO 406. Meanwhile, in the slave mode,
both the radio frequency signal output from RF unit 402 and
the radio synchronizing signal “WSYC” output from the
controlling unit 407 are controlled in their outputting tim-
ings by the clock “PLL-CLK”, which is synchronized with
the receipt-timing signal “RXT”. One radio communication
unit set in the master mode can be wirelessly connected with
plural radio communication units set in the slave mode.

FIG. 5a is a block diagram of a configuration of the sensor
unit 301 used in the sensor device 103 according to the
embodiment of the invention. FIG. 54 is a conceptual
diagram for explaining relationships between the sensor data
and operating directions of the sensor device 103. The
sensor unit 301 consists of, for example, a three axial
acceleration sensor 500 and a three axial gyro-sensor 510.
The sensor device 103 is attached on the arm, leg and/or the
body of the player (object) and on the equipment (golf club,
tennis racket, baseball bat and the like) held by the player.

The three axial acceleration sensor 500 consists of sensor
elements 501, 502, 503 and AD converter 504. The sensor
elements 501, 502, and 503 detect accelerations respectively
in the directions of AX, AY, and AZ, when the object or the
equipment moves in a three dimensional space, as shown in
FIG. 56. AD converter 504 converts signals outputs from the
sensor elements 501, 502, 503 into digital data, and supplies
the digital data to HOST-CPU 302.

The three axial gyro-sensor 510 consists of sensor ele-
ments 511, 512, 513 and AD converter 514. The sensor
elements 511, 512, and 513 detect angular rates respectively
in the directions of AX, AY, and AZ, when the object or the
equipment turns in the three dimensional space, as shown in
FIG. 56. AD converter 504 converts signals outputs from the
sensor elements 511, 512, 513 into digital data, and supplies
the digital data to HOST-CPU 302.

HOST-CPU 302 obtains the data “DATA” from the sensor
unit 301 in synchronization with the synchronizing signal
“WSYNC”. Meanwhile, even if the data “DATA” has been
obtained out of synchronization, the data “DATA” will be
managed (stored or sent) together with time information
synchronized with the synchronizing signal “WSYNC” at
the time when said data “DATA” has been obtained.
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FIG. 6 is a block diagram of a schematic configuration of
the radio synchronization system 100 according to the
present embodiment of the invention. As shown in FIG. 6,
the radio synchronization system 100 establishes a frame-
work of a star type, comprising one master apparatus (high-
speed camera 101a) and plural slave apparatuses (high-
speed cameras 1015, 101c¢, and sensor devices 103a, 1035).
The master apparatus or the high-speed camera 101q and the
slave apparatuses or the high-speed cameras 1015, 101¢, and
the sensor devices 103a, 1035 operate in synchronization
with the radio synchronizing signals “WSYNC”, which are
produced by the radio communication units 208a, 2085,
208c¢, 308a and 3085 in accordance with the synchronous
communication.

In other words, when a user operates the master apparatus
or the high-speed camera 101a, various sorts of setting
information is transferred from the master apparatus or the
high-speed camera 101a to the slave apparatuses or the
high-speed cameras 1015, 101¢, and the sensor devices
103a, 1035, wherein the setting information includes start-
ing and finishing times of a shooting operation and obtaining
sensor data, a shooting frame rate, a data obtaining rate, and
the like.

In the high-speed cameras 101a, 10156, 101c, the video
synchronizing signal generating unit 210a, 2105, 210¢ gen-
erate the video synchronizing signals “VSYNC”,
“HSYNC”, “VTRG” in synchronization with the radio syn-
chronizing signals “WSYNC” of the radio communication
units 208a, 2085, 208¢. The image pickup units 201a, 2015,
201c¢ obtain pickup images in accordance with the video
synchronizing signals “VSYNC”, “HSYNC”, “VTRG”. In
the sensor devices 103a, 1035, HOST-CPU 302a, 3025
obtain the sensor data “DATA” from the sensor units 301a,
3015 in synchronization with the radio synchronizing sig-
nals “WSYNC” of the radio communication units 308a,
3085.

The radio synchronization system 100 of the above
described configuration allows the high-speed cameras
101a, 1015, 101 ¢ to perform the high-speed shooting opera-
tions in synchronization and also allows the sensor devices
103a, 1035 to collect the sensor data “DATA” in synchro-
nization. Further, since the high-speed cameras 101a, 1015,
101c¢ and the sensor devices 1034, 1035 operate in synchro-
nization, it is possible to synchronize the pickup images
obtained by the high-speed shooting operations of the high-
speed cameras 101a, 1015, 101c¢ with the sensor data
“DATA” collected by the sensor devices 103qa, 1035.

OPERATION OF EMBODIMENT

Hereinafter, the following synchronous operations will be
described: A. Synchronous operation between the high-
speed cameras 101 (synchronous shooting operation); B.
Synchronous operation between the sensor devices 103
(synchronous sensor-data collection); C. Synchronous
operation between the high-speed cameras 101 and the
sensor devices 103 (synchronization of the shooting opera-
tion and the sensor-data collection); D. Synchronous opera-
tion between the high-speed cameras 101 and the sensor
devices 103 (operation of correlating the sensor-data with a
moving image); E. Synchronous operation between the
high-speed cameras 101 (synchronous playing-back opera-
tion); and F. Synchronous operation between the high-speed
cameras 101 and the sensor devices 103 (synchronous
playing-back operation).
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A. Synchronous Operation Between High-Speed Cameras
(Synchronous Shooting Operation)

FIG. 7 is a conceptual diagram for explaining the syn-
chronous operation between the high-speed cameras 101
according to the present embodiment of the invention. In
FIG. 7, only the elements are shown, which are required for
performing the synchronous operation. In FIG. 7, the high-
speed camera 101a operates as the master apparatus and the
high-speed cameras 1015, 101¢ operate as the slave appa-
ratuses.

In the high-speed camera 101a, the radio communication
unit 2084 outputs the radio synchronizing signal “WSYNC”,
which is synchronized in phase (or coincident at an edge
timing) with the radio synchronous communication per-
formed by the radio communication units 2085, 208¢ of the
high-speed cameras 1015, 101c. The video synchronizing
signal generating unit 210a generates the video synchroniz-
ing signals “VSYNC”, “HSYNC”, “VTRG” having a pre-
determined cycle and synchronized with the above radio
synchronizing signal “WSYNC”, wherein the generated
video synchronizing signals are synchronized with those
generated by the high-speed cameras 1015, 101c. The image
pickup unit 201a shoots (records) a moving image synchro-
nized with those to be shot by the other image pickup units
2015, 201c¢ in accordance with the above video synchroniz-
ing signals “VSYNC”, “HSYNC”, “VTRG”.

Meanwhile, similarly to the high-speed camera 101aq, in
the high-speed cameras 1015, 101c¢, the radio communica-
tion units 2085, 208¢ output the radio synchronizing signals
“WSYNC”, which are synchronized in phase (or coincident
at the edge timing) with the radio synchronous communi-
cation performed by the radio communication unit 208a of
the high-speed cameras 101a. The video synchronizing
signal generating units 2105, 210¢ generate the video syn-
chronizing signals “VSYNC”, “HSYNC”, “VTRG” having
a predetermined cycle and synchronized with the above
radio synchronizing signal “WSYNC”, wherein the gener-
ated video synchronizing signals are synchronized with
those generated by the high-speed cameras 101a. The image
pickup units 2015, 201c¢ shoot (record) moving images
synchronized with the moving image to be shot by the
high-speed camera 1014 in accordance with the above video
synchronizing signals “VSYNC”, “HSYNC”, “VTRG”.

As a result, the high-speed camera 1014 operating as the
master apparatus and the high-speed cameras 1015, 101c
operating as the slave apparatuses make the image pickup
units 201a, 2015, 201¢ shoot moving images, which are
synchronized in phase with each other (that is, the moving
images, which are coincident in the horizontal and (or)
vertical synchronizing signals), through operations of the
radio communication units 208a, 20854, 208¢ and the image-
synchronizing signal generating units 210a, 2105, 210c.

In the master apparatus or the high-speed camera 101a
and the slave apparatuses or the high-speed cameras 1015,
101¢, HOST-CPU 2054, 2055, 205¢ (not shown) synchro-
nize the real times counted by RTC 207a, 20756, 207¢ (not
shown) with the radio synchronizing signals “WSYNC”,
and correlate the real times with the moving images, respec-
tively, whereby each HOST-CPU records the real time
correlated with the moving image. As a result, the master
apparatus or the high-speed camera 101a and the slave
apparatuses or the high-speed cameras 1015, 101¢ each can
simultaneously record the real time synchronized with the
real time counted by the other cameras, together with the
moving image.
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B. Synchronous Operation Between Sensor Devices (Syn-
chronous Sensor-Data Collection)

FIG. 8 is a conceptual diagram for explaining the syn-
chronous operation (synchronous sensor-data collection)
between the sensor devices 103 according to the present
embodiment of the invention. In FIG. 8, only the elements
are shown, which are required for performing the synchro-
nous operation between the sensor devices 103. In FIG. 8,
the sensor device 103a operates as the master device and the
sensor device 1035 operates as the slave device.

In the sensor device 103a, the radio communication unit
308a outputs the radio synchronizing signal “WSYNC”,
which is synchronized in phase (or coincident at the edge
timing) with the radio synchronous communication per-
formed by the radio communication unit 3085 of the sensor
device 1035.

Meanwhile, similarly to the sensor device 103q, in the
sensor device 1035, the radio communication unit 3085
outputs the radio synchronizing signal “WSYNC”, which is
synchronized in phase (or coincident at the edge timing)
with the radio synchronous communication performed by
the radio communication unit 308a of the sensor device
103a. HOST-CPU 302a, 3025 of the sensor devices 103a,
1035 obtain and record the sensor data “DATA” from the
sensor unit 301a, 3015 in predetermined cycles synchro-
nized with the above radio synchronizing signals
“WSYNC”, respectively.

As aresult, in the sensor devices 103a, 1035, HOST-CPU
302a, 3025 can obtain the sensor data “DATA”, which is
synchronized in phase (or, which is coincident in sensing
timing) with the other sensor device, through the operations
of the radio communication units 308a, 3085.

In the sensor devices 103a, 1035, HOST-CPU 3024, 3025
synchronize the real times counted by RTC 303a, 30356 (not
shown) with the radio synchronizing signals “WSYNC”
output from the radio communication units 308a, 3085,
respectively, and correlate the synchronized real times with
the obtained sensor data “DATA”, thereby recording the
sensor data “DATA” correlated with the synchronized real
times. As a result, the sensor devices 103a, 10356 can
simultaneously record the sensor data “DATA” together with
the real time synchronized with the real time counted by the
other sensor device.

It is possible for HOST-CPU 3024, 3025 to generate
sensor synchronizing signals of a predetermined cycle, syn-
chronized with the radio synchronizing signal “WSYNC”,
respectively, thereby obtaining the sensor data “DATA”
from the sensor units 301a, 3015 in synchronization with the
sensor synchronizing signals and recording the obtained
data, wherein the sensor synchronizing signal is a signal
having a different cycle (integral multiple of cycle), and
synchronized with the radio synchronizing signal
“WSYNC”.

C. Synchronous Operation Between High-Speed Cameras
and Sensor Devices (Synchronization of Shooting Operation
and Sensor-Data Collection)

FIG. 9 is a conceptual diagram for explaining the syn-
chronous operation (synchronous sensor-data collection)
between the high-speed camera 1014 and the sensor devices
103 according to the present embodiment of the invention.
In FIG. 9, the high-speed camera 101a operates as the master
apparatus and the sensor devices 103a, 1035 operate as the
slave devices. The high-speed camera 101a operates sub-
stantially in the same manner as described in the section of
“A. Synchronous Operation between High-speed Cameras
(synchronous shooting operation)”, and its further descrip-
tion will be omitted herein. The sensor devices 103a, 1035
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operate substantially in the same manner as described in the
section of “B. Synchronous Operation between Sensor
Devices (synchronous sensor-data collection)”, and their
further description will be omitted herein, too.

In this case, the high-speed camera 101a operates as the
master apparatus, and the image pickup units 201a of the
high-speed camera 101a can shoot a moving image, which
is synchronized in phase with the sensor devices 103a, 1035
(that is, the moving image, which is coincident in the
horizontal and (or) vertical synchronizing signal), through
operations of the radio communication unit 208a and the
video synchronizing signal generating units 210a.

In the high-speed camera 101a operating as the master
apparatus, HOST-CPU 205a (not shown) synchronizes the
real time counted by RTC 2074 (not shown) with the radio
synchronizing signal “WSYNC”, and correlates the real
time with the moving image, recording the real time corre-
lated with the moving image. As a result, the master appa-
ratus or the high-speed camera 1014 can record the real time
synchronized with the sensor devices 103a, 1035, together
with the moving image.

Further, in the sensor devices 103a, 1035, HOST-CPU
302a, 3025 can obtain the sensor data “DATA”, which is
synchronized in phase (or, which is coincident in sensing
timing) with the high-speed camera 101a, through the opera-
tions of the radio communication units 308a, 3085.

Further, in the sensor devices 103a, 1035, HOST-CPU
302a, 3025 synchronize the real times counted by RTC
303a, 30356 (not shown) with the radio synchronizing signal
“WSYNC”, and correlate the real times with the obtained
sensor data “DATA”, respectively, whereby each HOST-
CPU records the real time correlated with the obtained
sensor data “DATA”. As a result, the sensor devices 103a,
1035 can simultaneously record the real time synchronized
in time with the high-speed camera 101a, together with the
sensor data “DATA”.

It is possible for HOST-CPU 3024, 3025 to generate the
sensor synchronizing signals of a predetermined cycle, syn-
chronized with the radio synchronizing signal “WSYNC”,
respectively, thereby obtaining the sensor data “DATA”
from the sensor units 3014, 3015 in synchronization with the
sensor synchronizing signals and recording the obtained
data, wherein the sensor synchronizing signal is a signal
having a different cycle (integral multiple of cycle), and
synchronized with the radio synchronizing signal
“WSYNC”.

D. Synchronous Operation Between High-Speed Cameras
and Sensor Devices (Operation of Correlating the Sensor-
Data with the Moving Image)

FIG. 10 is a conceptual diagram for explaining the syn-
chronous operation (synchronous recording operation of
pickup image and sensor data) between the high-speed
cameras 101 and the sensor devices 103 according to the
present embodiment of the invention. In FIG. 10, the high-
speed camera 101a operates as the master apparatus and the
sensor devices 103a, 1035 operate as the slave devices.

In the sensor devices 103a, 1035, HOST-CPU 3024, 3025
synchronize the real times counted by RTC 303a, 30356 (not
shown) with the radio synchronizing signal “WSYNC”, and
correlate the real time with the obtained sensor data
“DATA”, recording the sensor data “DATA” correlated with
the real time. Further, HOST-CPU 302a, 3025 send the
high-speed camera 101a the obtained sensor data “DATA”
together with the correlated real time (data obtaining time)
at a predetermined sending timing (or at a real time) through
the radio communication units 3084, 3085. Or in response to
a request from the high-speed camera 101q¢, HOST-CPU
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302a, 3026 send the high-speed camera 101a the obtained
sensor data “DATA” together with the correlated real time
(data obtaining time).

Meanwhile, in the high-speed camera 101a, the radio
communication units 208a outputs the radio synchronizing
signal “WSYNC”, which is synchronized in phase (or coin-
cident at the edge timing) with the radio synchronous
communication performed by the radio communication
units 308a, 3085 of the sensor devices 103a, 1035. The
video synchronizing signal generating unit 210a generates
the video synchronizing signals “VSYNC”, “HSYNC”,
“VTRG” having a predetermined cycle and synchronized
with the above radio synchronizing signal “WSYNC”,
wherein the video synchronizing signals are synchronized
with the sensor devices 103a, 1035. The image pickup units
201a shoots a moving image synchronized with the sensor
data obtained by the sensor devices 103a, 1035 in accor-
dance with the above video synchronizing signals
“VSYNC”, “HSYNC”, “VIRG”.

HOST-CPU 205a synchronizes the real time counted by
RTC 207a (not shown) with the radio synchronizing signal
“WSYNC”, and correlates the real time with the shot
moving image, recording the moving image correlated with
the real time in the memory 204a. Meanwhile, the radio
communication unit 208a receives the sensor data “DATA”
from the sensor devices 103a, 1035. HOST-CPU 2054
compares the real times correlated with the moving images
with the real time correlated with the sensor data “DATA”,
and records in the memory 204q the sensor data “DATA”
together with the moving image (frame data), whose real
time coincides with that of said sensor data “DATA”.

As a result, the sensor devices 103a, 1035 can send the
high-speed camera 101a the sensor data “DATA” synchro-
nized in phase at a sensing timing with the high-speed
camera 101a, and the high-speed camera 101a operating as
the master apparatus receives the sensor data “DATA” sent
from plural sensor devices 103a, 1035 to record the sensor
data together with the moving image.

The high-speed camera 101a operating as the master
apparatus can simultaneously record the real time synchro-
nized in time with the sensor devices 103a, 1035, together
with the moving image.

The sensor devices 103a, 1035 operating as the slave
devices can simultaneously record the real time synchro-
nized in time with the high-speed camera 101a together with
the sensor data “DATA”.

The high-speed camera 101a operating as the master
apparatus can record the sensor data “DATA” obtained from
the sensor devices 103a, 1035, together with the moving
image (frame data), whose real time coincides with the real
time of said sensor data “DATA”.

E. Synchronous Operation Between High-Speed Cameras
(Synchronous Playing-Back Operation)

FIG. 11 is a conceptual diagram for explaining the syn-
chronous operation (synchronous playing-back operation)
between the plural high-speed cameras 101 according to the
present embodiment of the invention. In FIG. 11, only the
elements are shown, which are required for performing the
synchronous operation. In FIG. 11, the high-speed camera
101a operates as the master apparatus and the high-speed
cameras 1015, 101¢ operate as the slave apparatuses.

In the high-speed camera 1014, the radio communication
unit 2084 outputs the radio synchronizing signal “WSYNC”,
which is synchronized in phase (or coincident at the edge
timing) with the radio synchronous communication per-
formed by the radio communication units 2085, 208¢ of the
high-speed cameras 1015, 101c. The video synchronizing
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signal generating unit 210a generates the video synchroniz-
ing signals “VSYNC”, “HSYNC”, “VTRG” having a pre-
determined cycle and synchronized with the above radio
synchronizing signal “WSYNC”, wherein the video syn-
chronizing signals are synchronized with those generated by
the high-speed cameras 1015, 101¢. The image pickup unit
201a shoots a moving image synchronized with those to be
shot by the other image pickup units 2015, 201¢ in accor-
dance with the above video synchronizing signals
“VSYNC”, “HSYNC”, “VTRG”, and records the moving
image in the memory 204a.

Meanwhile, similarly to the high-speed camera 101aq, in
the high-speed cameras 1015, 101c¢, the radio communica-
tion units 2085, 208¢ output the radio synchronizing signals
“WSYNC”, which are synchronized in phase (or coincident
at the edge timing) with the radio synchronous communi-
cation performed by the radio communication unit 208a of
the high-speed cameras 101a. The video synchronizing
signal generating units 2105, 210¢ generate the video syn-
chronizing signals “VSYNC”, “HSYNC”, “VTRG” having
a predetermined cycle and synchronized with the above
radio synchronizing signals “WSYNC”, wherein the video
synchronizing signals are synchronized with those generated
in the high-speed camera 101a. The image pickup units
2015, 201c shoot moving images synchronized with the
moving image to be shot by the high-speed camera 101a in
accordance with the above video synchronizing signals
“VSYNC”, “HSYNC”, “VTRG”, and record the moving
images in the memories 2045, 204c¢, respectively.

Further, in the high-speed camera 101a operating as the
master apparatus and the high-speed cameras 1015, 101c
operating as the slave apparatuses, HOST-CPU 205a, 2055,
205¢ synchronize the real times counted by RTC 207a,
2075, 207¢ (not shown) with the radio synchronizing signals
“WSYNC”, and correlate the real times with the shot
moving images, recording the real times correlated with the
moving images in the memories 204a, 2045, 204¢, respec-
tively.

When playing back the moving images recorded in the
memories 204a, 2045, 204¢ in the high-speed camera 101a
operating as the master apparatus and in the high-speed
cameras 1015, 101c operating as the slave apparatuses, the
following conditions are previously set based on the real
times correlated with said moving images, before the play-
ing back operation is performed: (1) from which frames of
the moving images are to be played back; and (2) at what
point of the real times counted by RTC 207a, 2075, 207¢
(not shown) the playing back operation is to start.

In the playing back operation, the radio communication
unit 208a of the high-speed camera 101a operating as the
master apparatus establishes the radio synchronous commu-
nication with the radio communication units 2085, 208¢ of
the high-speed cameras 1015, 101¢ operating as the slave
apparatuses. Then, HOST-CPU 2054, 2055, 205¢ read the
moving images respectively from the memories 204qa, 2045,
204c¢, in accordance with the video synchronizing signals
“VSYNC”, “HSYNC”, “VTRG” and the real times counted
by RTC 207a, 2075, 207¢ (not shown), wherein the above
video synchronizing signals “VSYNC”, “HSYNC”,
“VTRG” have a predetermined cycle and are synchronized
with the above radio synchronizing signals “WSYNC”,
which are synchronized with in phase (or coincident at the
edge timing), and are further synchronized with the video
synchronizing signals generated by the other cameras. Fur-
ther, HOST-CPU 205a, 2055, 205¢ display the above mov-
ing images respectively on the displaying units 203a, 2035,
203c¢ in synchronization with the other cameras.
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As a result, in the high-speed camera 101a operating as
the master apparatus and the high-speed cameras 10156, 101¢
operating as the slave apparatuses, HOST-CPU 205a, 2055,
205¢ can play back the moving images, which are synchro-
nized in phase with each other (that is, the moving images,
which are coincident in the horizontal and (or) vertical
synchronizing signals), through operations of the radio
communication units 208a, 2085, 208¢ and the video syn-
chronizing signal generating units 210a, 2105, 210c.

Further, in the master apparatus or the high-speed camera
101a and the slave apparatuses or the high-speed cameras
1015, 101¢, HOST-CPU 205a, 2055, 205¢ synchronize the
real times counted by RTC 207a, 20756, 207¢ (not shown)
with the radio synchronizing signal “WSYNC”, and corre-
late the real times with the moving images, respectively,
whereby each HOST-CPU records the moving image cor-
related with the real time. As a result, the master apparatus
or the high-speed camera 101a and the slave apparatuses or
the high-speed cameras 1015, 101¢ each can simultaneously
record the synchronized real time together with the moving
image.

Accordingly, the high-speed camera 101a or the master
apparatus and the high-speed cameras 1015, 101c or the
slave apparatuses can play back the moving images recorded
respectively in the memories 204a, 2045, 204¢ in synchro-
nization with each other, based on the real times correlated
with said moving images recorded in the memories 204a,
2045, 204c.

F. Synchronous Operation Between High-Speed Cameras
and Sensor Devices (Synchronous Playing-Back Operation).

FIG. 12 is a conceptual diagram for explaining the syn-
chronous operation between the high-speed cameras 101 and
the sensor devices 103 (synchronous play-back operation of
moving image and sensor data) according to the present
embodiment of the invention. In FIG. 12, the high-speed
camera 101a operates as the master apparatus and the sensor
devices 103a, 1035 operate as the slave devices.

In the sensor devices 103a, 1035, HOST-CPU 3024, 3025
synchronize the real times counted by RTC 303a, 30356 (not
shown) with the radio synchronizing signals “WSYNC”,
and correlate the real times with the obtained sensor data
“DATA”, whereby each HOST-CPU records the real time
correlated with the sensor data “DATA”. Further, HOST-
CPU 302a, 3025 send the high-speed camera 101a the
obtained sensor data “DATA” together with the real times
(data obtaining time) correlated therewith at a predetermined
sending timing (or at a real time) through the radio com-
munication units 308a, 3085. Or in response to the request
from the high-speed camera 101a, HOST-CPU 302a, 3025
send the high-speed camera 1014 the obtained sensor data
“DATA” together with the correlated real time (data obtain-
ing time).

In the high-speed camera 101a operating as the master
apparatus, with the radio synchronous communication estab-
lished between the radio communication unit 208a and the
sensor devices 103a, 1035, HOST-CPU 205a displays on the
displaying units 203a the above moving image shot by the
image pickup units 201a, in accordance with the video
synchronizing signals “VSYNC”, “HSYNC”, “VTRG” syn-
chronized with the radio synchronizing signal “WSYNC”,
wherein said radio synchronizing signal “WSYNC” is syn-
chronized in phase (or coincident at the edge timing) with
the above radio synchronous communication.

At this time, HOST-CPU 2054 receives the sensor data
“DATA” from sensor devices 103qa, 1035 through the radio
communication unit 208a, and displays the received sensor
data “DATA” on the displaying unit 203« in synchronization
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with the above moving image in accordance with the real
time recorded in correlation with said sensor data “DATA”.

As a result, the sensor devices 103a, 1035 can send the
high-speed camera 1014 the sensor data “DATA” synchro-
nized in phase (or coincident at a sensing timing) with the
high-speed camera 101a. The high-speed camera 101a oper-
ating as the master apparatus receives the sensor data
“DATA” sent from plural sensor devices 103a, 1035 and can
play back the sensor data “DATA” in synchronization with
the shot moving image.

The timing of playing back the moving image together
with the received sensor data will do anytime (for instance,
the next day and/or thereafter) after a moving image has
been shot and the sensor data “DATA” has been received.
Further, the moving image can be played back while said
moving image is being shot, in other words, in practice, the
moving image is played back late about 10 milliseconds at
the earliest after said moving image is actually shot, because
there causes a delay before the moving image is played back
together with the received sensor data “DATA”.

The sensor data “DATA” to be played back by the
high-speed camera 101a can be live data or processed data.

FIGS. 13a and 135 are conceptual diagrams for explain-
ing data sending/receiving operation performed between the
radio communication unit 208a of the high-speed camera
101a and the radio communication unit 2085 of the high-
speed camera 1015 according to the present embodiment of
the invention. In FIG. 13a, the radio synchronization system
100 comprises one master apparatus or the high-speed
camera 101a and one slave apparatus or more or high-speed
cameras 1015, 101c.

The master apparatus or the high-speed camera 101a and
the slave apparatus or the high-speed camera 1015 establish
the radio synchronous communication between their radio
communication units 208a and 2085. Their radio commu-
nication units 208a, 2085 generate the radio synchronizing
signals “WSYNC”, which are synchronized in phase (or
coincident at the edge timing) with the radio synchronous
communication. HOST-CPU 205a, 2055 shoot (or record)
the moving images in accordance with the radio synchro-
nizing signals “WSYNC”, respectively.

FIG. 134 is a conceptual diagram for indicating a format
of a packet to be sent and/or received between the radio
communication units 208a and 2085 according to the pres-
ent embodiment of the invention. The packet consists of an
access code 600, a packet header 601 and a payloard 602.

FIG. 14 is a timing chart of data sending/receiving opera-
tion (continuous communication) performed between the
radio communication unit 208a of the high-speed camera
101a or the master apparatus and the radio communication
unit 2085 of the high-speed camera 1016 or the slave
apparatus according to the present embodiment of the inven-
tion. As shown by way of example in the timing chart of
FIG. 14, both the radio synchronizing signals “WSYNC”
generated in the master apparatus or the high-speed camera
101a and in the slave apparatus or the high-speed camera
1015 rise up at a time of “T02” and thereafter, repeatedly
rise up with a cycle of T1 seconds. The radio synchronizing
signal “WSYNC” of the slave apparatus or the high-speed
camera 1015 has jitters (of about several microseconds) and
subtle difference from the radio synchronizing signal
“WSYNC” of the master apparatus or the high-speed camera
101a.

FIG. 15 is a timing chart of data sending/receiving opera-
tion (intermittent communication) performed between the
radio communication unit 208a of the high-speed camera
101a or the master apparatus and the radio communication
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unit 2086 of the high-speed camera 1016 or the slave
apparatus according to the present embodiment of the inven-
tion. As shown by way of example in the timing chart of
FIG. 15, both the radio synchronizing signals “WSYNC”
generated in the master apparatus or the high-speed camera
101a and in the slave apparatus or the high-speed camera
10154 rise up at a time of “T02” and thereafter, repeatedly
rise up with a cycle of T1 seconds.

The jitters and subtle difference included in the radio
synchronizing signal “WSYNC” of the slave apparatus or
the high-speed camera 1015 (shown in FIG. 15) are larger in
an allowable range than those included in the radio synchro-
nizing signal “WSYNC” used in case of the continuous
communication shown in FIG. 14. An interval of data
sensing/receiving operation is set to an intermittent interval
(...TV, TW, T1,2xT1, 4xT1, .. . ) allowable for the video
synchronizing signal to save energy.

For instance, if the clock is 20 ppm both in the master
apparatus or the high-speed camera 101a and the slave
apparatus or the high-speed camera 1015, a difference of
+40 microseconds, at worst, will be caused between the
master and slave apparatuses in the radio synchronizing
signal “WSYNC”, when communication is interrupted for a
period of one second. Therefore, it will be understood that
communication is required at least once in a period of 250
milliseconds to bring such difference into a range of £10
microseconds. In other words, when the high-speed camera
101a operating as the master apparatus communicates with
the high-speed camera 1015 operating as slave apparatus at
least once in the period of 250 milliseconds, the synchro-
nization can be established between the high-speed camera
101a and the high-speed camera 1015.

FIG. 16 is a conceptual diagram for explaining the data
sending/receiving operation performed between the radio
communication units 208a, 2085, 208¢ in the case of one
master apparatus (high-speed camera) vs. “n” units of slave
apparatuses (high-speed cameras). The radio communica-
tion unit 208a of the high-speed camera 101a (master
apparatus) can be wirelessly connected to the plural radio
communication units 2085, 208¢ of the high-speed cameras
1015, 101c¢ (slave apparatuses). Even in the wireless con-
nection including one master apparatus and “n” units of
slave apparatuses, the master apparatus and the slave appa-
ratuses can be synchronized with each other in the same
manner as described in the section of “A. Synchronous
Operation between High-speed Cameras (synchronous
shooting operation)”.

FIG. 17 is a timing chart of the data sending/receiving
operation performed between the radio communication units
208a, 2085, 208¢ in the case of one master apparatus
(high-speed camera) vs. “n” units of slave apparatuses
(high-speed cameras). The high-speed camera 101a operat-
ing as the master apparatus exchanges data with the high-
speed camera 1015 operating as the slave apparatus during
a period from a time of “T00” to a time of “T02”, and also
exchange data with the high-speed camera 101¢ operating as
the slave apparatus during a period from the time of “T02”
to a time of “T04”. In either of the high-speed camera 101a
operating as the master apparatus and the high-speed cam-
eras 1015, 101¢ operating as the slave apparatuses, the radio
synchronizing signals “WSYNC” shown by way of example
in FIG. 17 rise up at the time of “T04”, and thereafter,
repeatedly rise up with a cycle of T1 seconds.

As described above, the embodiments of the invention
allow plural high-speed cameras to shoot moving images in
synchronization and plural sensor devices to obtain data in
synchronization with the moving images shot by the plural
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high-speed cameras with a high degree of accuracy, in
addition to saving energy, and reducing in size and costs.

Employing the wireless system, the high-speed cameras
and sensor devices can be installed and/or provided on any
places without disturbing the players and allow the users to
enjoy greater flexibility and the consumers to operate in a
simple manner. As a result, the high-speed cameras and
sensor devices according to the embodiments of the inven-
tion can be used for easy and accurate motion analysis in
various fields of sports including golf, tennis, baseball and
the like.

The advantages of the embodiments of the invention will
be described more particularly.

In the embodiment of the invention, when plural high-
speed cameras are used for a high-speed shooting in motion
analysis in various sports, the plural high-speed cameras can
be synchronized to shoot one object from plural angles.

Further in the embodiment of the invention, the image
shootings by the high-speed cameras and the operations of
the sensor devices attached on the object and (or) on the
equipment can be synchronized with each other.

In the embodiment of the invention, the real time is shared
among the plural high-speed cameras and the plural sensor
devices wirelessly synchronized with each other, and the
real time, which is shared when images are shot and sensor
data is obtained, can be recorded together with the image
data and sensor data.

Further, when obtaining the sensor data in synchroniza-
tion with the image shooting operation by the high-speed
camera, the sensor device can send the obtained sensor data
to the high-speed camera, and the high-speed camera can
record the received sensor data together with the pickup
image.

In the radio synchronization system comprising plural
high-speed cameras and sensor devices, all of which being
wirelessly synchronized with each other, and one of the
high-speed cameras operating as the master apparatus and
the other cameras and devices operating as slave appara-
tuses, the user can give an instruction of operation to all the
apparatuses and devices in the radio synchronization system,
only by giving the master apparatus the instruction to be
given to all the slave apparatuses, wherein the instruction is
to inform the starting/finishing time of the shooting opera-
tion, the starting/finishing time of obtaining the sensor data,
a frame rate of shooting image, a data obtaining rate, and
other setting information.

Further, in the radio synchronization system, the moving
images shot in synchronization by plural high-speed cam-
eras can be played back in synchronization by the plural
high-speed cameras, when an instruction is given to one
high-speed camera operating as the master apparatus.

Further, the sensor data obtained in synchronization with
and stored together with the moving images in the high-
speed cameras can be displayed in synchronization with
reproduction of the moving image.

In the case where a pickup image is stored in one
high-speed camera operating as the master apparatus and
sensor data obtained in synchronization are stored in plural
sensor devices, when an instruction is given to the high-
speed camera operating as the master apparatus, the sensor
data can be transferred from the plural sensor devices to the
high-speed camera operating as the master apparatus. The
high-speed camera operating as the master apparatus can
display the received sensor data in synchronization with
reproduction of the pickup image, and also can store the
received sensor data.



US 9,451,218 B2

21

Further, in the radio synchronization system, the high-
speed shooting operations by the high-speed cameras and
the operation of obtaining the sensor data by the sensor
devices are synchronized with each other, and further the
pickup images and the sensor data are correlated with the
real time, which has been shared between the high-speed
cameras and the sensor devices. Therefore, the pickup image
corresponding to a time of a particular point of the sensor
data can be chosen after the shooting operation finishes.

Although specific embodiments of the invention have
been described in the foregoing detailed description, it will
be understood that the invention is not limited to the
particular embodiments described herein, modifications and
rearrangements may be made to the disclosed embodiments
while remaining within the scope of the invention as defined
by the following claims. It is intended to include all such
modifications and rearrangements in the following claims
and their equivalents.

What is claimed is:

1. A wireless synchronous system comprising:
a first apparatus;

a second apparatus; and

a sensor device;

wherein the first apparatus comprises:

a first radio communicating circuit which performs
synchronous radio communication with the second
apparatus via a first antenna, wherein the first radio
communicating circuit generates and outputs a first
radio synchronizing signal having a predetermined
cycle which is synchronized with a timing of the
synchronous communication, at least one of a rising
edge and a falling edge of the first radio synchro-
nizing signal coinciding with a rising edge or a
falling edge of a clock signal of the second appara-
tus; and

a first processor which receives the first radio synchro-
nizing signal from the first radio communicating
circuit and determines a timing of controlling the
first apparatus in accordance with the first radio
synchronizing signal; and

wherein the sensor device comprises:

a second radio communicating circuit which performs
synchronous radio communication with the first
apparatus via a second antenna, wherein the second
radio communicating circuit generates and outputs a
second radio synchronizing signal having a prede-
termined cycle which is synchronized with a timing
of the synchronous communication, at least one of a
rising edge and a falling edge of the second radio
synchronizing signal coinciding with a rising edge or
a falling edge of a clock signal of the first apparatus;

a sensor which obtains detection-data representing a
state of the sensor device; and

a second processor which receives the second radio
synchronizing signal from the second radio commu-
nicating circuit and determines a timing of obtaining
the detection-data via the sensor in accordance with
the second radio synchronizing signal;

wherein the first apparatus further comprises:

an image pickup unit including an image sensor operable
to take an image to obtain image data;

a first memory; and

a first real-time clock which generates a first real time
signal;

wherein the first processor determines a timing of taking
an image by the image pickup unit in accordance with
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the first radio synchronizing signal, and performs con-
trol to store the image in the first memory;

wherein the first processor synchronizes the first real time

signal with the first radio synchronization signal to
synchronize the first real time signal with a time signal
in the second apparatus; and

wherein the first processor correlates the first real time

signal generated by the first real-time clock with the
image data, which is obtained by the image pickup unit
at the timing determined by the processor, and performs
control to record the first real time signal correlated
with the image data in the first memory.

2. The wireless synchronous system according to claim 1,
wherein the sensor device further comprises:

a second real-time clock which generates a second real

time signal; and
a second memory;
wherein the second processor synchronizes the second
real time signal with the second radio synchronization
signal to synchronize the second real time signal with
a time signal in the first apparatus; and

wherein the second processor correlates the second real
time signal generated by the second real-time clock
with the detection-data, which is obtained by the sensor
at the timing determined by the second processor, and
performs control to record the second real time signal
correlated with the detection-data in the second
memory.

3. The wireless synchronous system according to claim 2,
wherein:

the second processor performs control to send the

obtained detection-data correlated with the second real
time signal to the first apparatus;

the first processor correlates the detection-data correlated

with the second real time signal and received by the
first apparatus from the sensor device, with the image
data correlated with the first real time signal corre-
sponding to the second real time signal, and performs
control to record the detection-data correlated with the
image data in the first memory.

4. The wireless synchronous system according to claim 3,
wherein the first processor performs control to play back the
detection-data received by the first apparatus from the sensor
device, in synchronization based on the first real time signal
and the second real time signal, when the image data
recorded in the first memory is played back in synchroni-
zation in accordance with the first radio synchronizing
signal.

5. The wireless synchronous system according to claim 1,
wherein the first processor performs control to play back the
image data recorded in the first memory, in accordance with
the first radio synchronizing signal, the image data being
correlated with the first real time signal and recorded in the
first memory.

6. The wireless synchronous system according to claim 1,
wherein the second radio communicating circuit performs
synchronous radio communication with another sensor
device via the second antenna, and generates and outputs the
second radio synchronizing signal to have a predetermined
cycle which is synchronized with a timing of the synchro-
nous communication with the other sensor device, at least
one of a rising edge and a falling edge of the second radio
synchronizing signal coinciding with a rising edge or a
falling edge of a clock signal of the other sensor device.

7. A wireless apparatus comprising:

a radio communicating circuit which performs synchro-

nous radio communication with an external wireless
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apparatus via an antenna, wherein the radio communi-
cating circuit generates and outputs a radio synchro-
nizing signal having a predetermined cycle which is
synchronized with a timing of the synchronous com-
munication, at least one of a rising edge and a falling
edge of the radio synchronizing signal coinciding with
a rising edge or a falling edge of a clock signal of the
external wireless apparatus;

a processor which receives the radio synchronizing signal
from the radio communicating circuit and determines a
timing of controlling the apparatus, in accordance with
the radio synchronizing signal;

an image pickup unit including an image sensor operable
to take an image to obtain image data;

a memory; and

a real-time clock which generates a real time signal;

wherein the processor determines a timing of taking an
image by the image pickup unit in accordance with the
radio synchronizing signal, and performs control to
store the image in the memory;

wherein the processor synchronizes the real time signal
with the radio synchronization signal to synchronize
the real time signal with a time signal in the external
wireless apparatus; and

wherein the processor correlates the real time signal
generated by the real-time clock with the image data,
which is obtained by the image pickup unit at the
timing determined by the processor, and performs
control to record the real time signal correlated with the
image data in the first memory.

8. A sensor device comprising:

a radio communicating circuit which performs synchro-
nous radio communication with an external wireless
apparatus via an antenna, wherein the radio communi-
cating circuit generates and outputs a radio synchro-
nizing signal having a predetermined cycle which is
synchronized with a timing of the synchronous com-
munication, at least one of a rising edge and a falling
edge of the radio synchronizing signal coinciding with
a rising edge or a falling edge of a clock signal of the
external wireless apparatus;

a sensor which obtains detection-data representing a state
of the sensor device;

a processor which receives the radio synchronizing signal
from the radio communicating circuit and determines a
timing of obtaining the detection-data via the sensor in
accordance with the radio synchronizing signal;

a real-time clock which generates a real time signal; and

a memory;

wherein the processor synchronizes the real time signal
with the radio synchronization signal to synchronize
the real time signal with a time signal in the external
wireless apparatus; and

wherein the processor correlates the real time signal
generated by the real-time clock with the detection-
data, which is obtained by the sensor at the timing
determined by the processor, and performs control to
record the real time signal correlated with the detec-
tion-data in the memory.

9. A method of implementing wireless synchronization in
a system including a first apparatus, a second apparatus, and
a sensor device, the method comprising:

by the first apparatus:
performing, by a first radio communicating circuit,

synchronous radio communication with the second
apparatus;
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generating a first radio synchronizing signal having a
predetermined cycle which is synchronized with a
timing of the synchronous communication, at least
one of a rising edge and a falling edge of the first
radio synchronizing signal coinciding with a rising
edge or a falling edge of a clock signal of the second
apparatus; and

determining a timing of controlling the first apparatus,
in accordance with the radio synchronizing signal;
and

by the sensor device:

performing, by a second radio communicating circuit,
synchronous radio communication with the first
apparatus;

generating a second radio synchronizing signal having
a predetermined cycle which is synchronized with a
timing of the synchronous communication, at least
one of a rising edge and a falling edge of the second
radio synchronizing signal coinciding with a rising
edge or a falling edge of a clock signal of the first
apparatus;

obtaining detection-data representing a state of the
sensor device; and

determining a timing, at which the sensor unit obtains
the detection-data, in accordance with the second
radio synchronizing signal;

wherein the first apparatus comprises (i) an image pickup
unit including an image sensor operable to take an

image to obtain image data, (ii) a first memory, and (iii)

a first real-time clock which generates a first real time

signal;

wherein determining the timing of controlling the first
apparatus comprises determining a timing of taking an
image by the image pickup unit in accordance with the
first radio synchronizing signal; and

wherein the method further comprises, by the first appa-
ratus:

storing the image in the first memory;

synchronizing the first real time signal with the first
radio synchronization signal to synchronize the first
real time signal with a time signal in the second
apparatus; and

correlating the first real time signal generated by the
first real-time clock with the image data, which is
obtained by the image pickup unit at the determined
timing, and recording the first real time signal cor-
related with the image data in the first memory.

10. A non-transitory computer-readable recording
medium storing a computer program which is executable by
a computer to control an apparatus, the apparatus including
an image pickup unit including an image sensor operable to
take an image to obtain image data, a memory, and a
real-time clock which generates a real time signal, and the
program being executable to control the apparatus to per-
form functions comprising:

performing, by a radio communicating circuit, synchro-

nous radio communication with an external wireless
apparatus;

generating a radio synchronizing signal having a prede-

termined cycle which is synchronized with a timing of
the synchronous communication, at least one of a rising
edge and a falling edge of the radio synchronizing
signal coinciding with a rising edge or a falling edge of

a clock signal of the external wireless apparatus;

determining a timing of taking an image by the image

pickup unit in accordance with the radio synchronizing
signal, and storing the image in the memory;
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synchronizing the real time signal with the radio synchro-
nization signal to synchronize the real time signal with
a time signal in the external wireless apparatus; and

correlating the real time signal generated by the real-time
clock with the image data, which is obtained by the
image pickup unit at the determined timing, and record-
ing the real time signal correlated with the image data
in the memory.

11. A non-transitory computer-readable recording
medium storing a computer program which is executable by
a computer to control a sensor device that includes a
real-time clock which generates a real time signal, and a
memory, the program being executable to control the sensor
device to perform functions comprising:

performing, by a radio communicating circuit, synchro-

nous radio communication with an external wireless
apparatus;

generating a radio synchronizing signal having a prede-

termined cycle which is synchronized with a timing of
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the synchronous communication, at least one of a rising
edge and a falling edge of the radio synchronizing
signal coinciding with a rising edge or a falling edge of
a clock signal of the external wireless apparatus;

obtaining detection-data representing a state of the sensor
device;

determining a timing to obtain the detection-data in
accordance with the radio synchronizing signal;

synchronizing the real time signal with the radio synchro-
nization signal to synchronize the real time signal with
a time signal in the external wireless apparatus; and

correlating the real time signal generated by the real-time
clock with the detection-data, which is obtained by the
sensor at the determined timing, and recording the real
time signal correlated with the detection-data in the
memory.



